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ABSTRACT 
 
 Previous research has studied fluorescence development during fish processing; 
as a result, a bathochromic shift towards higher wavelength maxima was detected and 
employed successfully as a way of measuring quality changes. In the present work, the 
same fluorescence analysis was tested for assessing the preservative effect of an 
antioxidant compound on thermally treated marine lipids. For it, two kinds of marine 
lipids systems (cod liver oil and horse mackerel white muscle) were heated under 
different time (up to 15 days), temperature (15ºC, 30ºC and 50ºC) and antioxidant (citric 
acid) content (0.01-0.50% in the oil systems, w/w; 0.10-1.00% in the fish muscle 
systems, w/w) conditions. Fluorescence results showed an antioxidant effect at all the 
temperatures studied; at 50ºC the citric acid presence produced a significant decrease of 
the bathochromic shift of fluorescence in both the oil and the fish muscle systems when 
present in the following concentrations rangs: 0.10-0.50% and 0.40-1.00%, respectively. 
The antioxidant effect of citric acid was also confirmed by the traditional browning 
development (420 nm) analysis. Good linear correlations were obtained for both 
fluorescence and browning values with the reaction time at all the temperatures tested. It 
is concluded that fluorescence analysis could be successfully employed as an accurate 
tool when studying the effect of antioxidant compounds during marine products 
manufacture, specially in cases where interaction compounds formation between lipid 
oxidation products and nucleophilic constituents are prone to be formed. 
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INTRODUCTION 
 
 During processing and storage, enzymatic and nonenzymatic rancidity is known 
to play a very important role in the degradation processes that take place in fish (1, 2). 
The deterioration pathways have been explained on the basis of the high 
polyunsaturated fatty acids (PUFA) proportion found in marine species (3, 4) and the 
great diversity and content of different prooxidant molecules present in the fish muscle 
(5, 6). 
 To avoid lipid damage and extend the shelf life of fish products, a great attention 
is being given to the antioxidants employment (7, 8). Recent efforts are now focused in 
the replacement of synthetic antioxidants by natural ones. Reports have shown that 
synthetic antioxidants may act as mutagenic and carcinogenic agents (9, 10), while 
natural ones have been mentioned to provide nutritional and therapeutic effects (11). 
Thus, naturally occurring antioxidants have been successfully employed with marine 
oils (12, 13), minced fish (14, 15) and whole or filleted fish (16, 17). 
Many methods have been used to measure primary (hydroperoxides) and 
secondary (carbonyl compounds) lipid oxidation products in foods, as a way of 
determining the degree of food damage (18, 19). However, most traditional lipid indices 
have found difficulties when measuring fish quality degradation during thermal 
treatments (20, 21). Recent research has shown that simultaneous fluorescence detection 
at different excitation/emission maxima could afford an accurate tool for assessment of 
lipid oxidation and quality changes during fish thermal treatment (22, 23). 
 In the present work, this fluorescence analysis is tested to follow the preservative 
effectiveness of an antioxidant compound on marine lipids (marine oil and fish muscle) 
during thermal treatment. Different time, temperature and antioxidant concentration 
conditions are studied. Lipid oxidation analysis is also carried out by measuring the 
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browning development. As antioxidant compound, citric acid (CA) is employed as 
being one of the most common natural antioxidants utilised in biological systems and 
during fish processing (8, 24). 
 
 
MATERIALS AND METHODS 
 
Chemicals and raw fish material 
All chemicals employed were reagent grade (E. Merck; Darmstadt, Germany). 
Cod liver oil (CLO) was obtained from a commercial source (Bama Geve, S. A.; 
Barcelona, Spain). Before employing it, acid value (0.9 mg KOH/g lipids), peroxide 
value (1.6 meq O2/kg lipids) (25) and fatty acid composition (26) were analysed. The 
following proportions (%) of fatty acids were obtained: 3.55 (C 14:0), 0.46 (C 15:0), 
16.22 (C 16:0), 8.12 (C 16:1ω7), 5.12 (C 18:0), 15.59 (C 18:1ω9), 4.36 (C 18:1ω7), 
1.69 (C 18:2ω6), 8.36 (C 18:3ω3), 2.11 (C 20:1ω9), 8.07 (C 20:4ω6), 0.73 (C 20:4ω3), 
11.63 (C 20:5ω3), 0.41 (C 24:0), 0.54 (C 22:4ω6), 1.14 (C 22:5ω3) and 11.68 (C 
22:6ω3). 
Fresh horse mackerel (Trachurus trachurus) were obtained 10 h after catching; 
during this time the fish had been kept on ice. Upon arrival in our laboratory, the fish 
were employed in the present experiment. 
 
Heated oil systems (OS) 
 CLO portions (0.5 g) were dissolved in choloroform (10 ml). Ten ml of CA 
solutions prepared by dilution of a CA stock solution (100 mg/100 ml chloroform-aq. 
86% ethanol, 1:1) were added to obtain the following CA/CLO (w/w) proportions: 
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0.00% (OS0), 0.01% (OS1), 0.02% (OS2), 0.05% (OS3), 0.10% (OS4), 0.20% (OS5) and 
0.50% (OS6). Then, 10 ml of a propylamine (Pam) solution (1.4805 g/500 ml aq. 86% 
ethanol) were added. Reaction mixtures were incubated at 50ºC. Samples consisting of 
the 0.00% and 0.10 % proportions (OS0 and OS4) were also incubated at 15ºC and 30ºC. 
Reaction mixtures were incubated in all cases in triplicate in stoppered tubes in 
the dark without stirring and sampled at 1, 3, 6, 10 and 15 days for lipid oxidation 
assessment. Blank samples consisting of the individual starting reagents (CLO, Pam and 
CA) under the same reaction conditions were also checked. 
 
Heated fish muscle systems (FMS) 
 Twelve individual fishes were divided into three batches. In each batch, the 
white muscle was manually separated out and then homogenised. Minced white muscle 
portions (5 g) of each batch were mechanically homogenised with 10 ml of aq. 86% 
ethanol in 30 ml stoppered tubes. Then, 5 ml of CA solutions prepared by dilution of a 
CA stock solution (1.667 g/100 ml aq. 86% ethanol) were added to obtain the following 
CA/fish muscle (w/w) proportions: 0.10% (FMS1), 0.20% (FMS2), 0.40% (FMS3), 
0.70% (FMS4) and 1.00% (FMS5). A fish muscle blank (FMS0) was also studied. 
Reaction mixtures were incubated in triplicate in the dark at 50ºC without 
stirring and sampled at 1, 6 and 15 days for lipid oxidation assessment. 
 
Lipid oxidation assessment 
Fluorescence measurements (Perkin-Elmer LS 3B) were made at 327/415 nm 
and 393/463 nm excitation/emission maxima (20, 21). Relative fluorescences (RF) were 
calculated as RF = F / Fst, where F is the sample fluorescence at each 
excitation/emission maximum, and Fst is the fluorescence intensity of a quinine sulphate 
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solution (1 μg/ml in 0.05 M H2SO4) at the corresponding wavelength. The fluorescence 
ratio (δF) value was calculated as: δF = RF393/463nm / RF327/415nm. 
Marine oil systems were analysed directly. Fish muscle systems were 
centrifuged (3000 x g for 10 minutes) and filtered. The resulting liquid part was exposed 
to UV light (350 nm) during 30 s to destroy any retinol present and was then analysed 
by fluorometry. Fluorescence was measured at room temperature (16-18ºC) with a 10 
mm path-length quartz cuvette. Sensitive settings were: 5 (samples) and 0.5 (quinine 
sulphate standard solution). 
 Brown coloration was measured at 420 nm (27). Marine oil systems were 
analysed directly. Fish muscle systems were centrifuged (3000 x g for 10 minutes) and 
filtered. Browning was measured in the filtrate and results were calculated using the 
following formula (28): Browning value = B x V / w, where B is the absorbance reading 
at 420 nm, V denotes the volume (ml) of the sample (30 ml for oil systems; 15 ml for 
fish muscle systems) and w is the mass (g) of the sample (0.5 g for the oil systems; 5 g 
for fish muscle systems). 
 
Statistical analysis 
 Fluorescence ratio (δF) and browning values were subjected to the ANOVA 
one-way method (p<0.05); comparison of means after the ANOVA test were performed 
using a least-squares difference (LSD) method (29). Regression analyses were carried 
out according to Glantz and Slinker (30). 
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RESULTS AND DISCUSSION 
 
Samples corresponding to blanks of reacting molecules (Pam and CA) did not 
provide significant changes in the δF and browning values through the experimental 
conditions. Accordingly, the effect of CA on the lipid oxidation development is 
evaluated by comparison with the CLO blank and the CLO + Pam (OS0) mixture in the 
case of the oil systems, and with the fish muscle blank (FMS0) in the case of the fish 
muscle systems. 
 
Heated marine oil systems 
Although significant differences were not obtained among all the CA 
concentrations tested, a decreasing fluorescence development was assessed as higher 
CA contents were employed (Table 1). Comparison with the OS0 mixture lead to 
conclude a significant antioxidant effect of CA at the end of the experiment when 
present in the 0.02-0.50% concentration range. The CLO blank produced a slight δF 
value increase with the reaction time, but was lower than all the remaining reaction 
mixtures. 
The assessment of the δF value showed a progressive increase of lipid oxidation 
with the reaction time for each CA/CLO reaction mixture as a result of the thermal 
conditions. These results can be explained by the fact that lipid oxidation compounds 
(peroxides, carbonyls and so on) interacted with propylamine to produce addition 
compounds with fluorescent properties (31-33). 
Browning detection also provided an antioxidant effect of the CA presence by 
comparison of the different CA concentrations studied (Table 2). At the end of the 
reaction time, a significant effect could be observed for the 0.10-0.50% concentration 
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range. Again, the CLO blank provided a slight increase with the reaction time, but was 
lower than the remaining reaction mixtures. As a result of the thermal treatment, 
increasing browning values with reaction time for each reaction mixture were obtained 
produced by a progressive formation of Schiff bases and other interaction compounds 
with increasing molecular weights and unsaturated bond numbers (34-36). 
The effect of CA on the oxidative damage of heated CLO was studied at 
different temperatures (15ºC, 30ºC and 50ºC). The presence of CA led to significantly 
(p<0.05) lower δF values at the three temperatures tested (Figures 1 and 2), so that an 
antioxidant effect could be concluded in all cases. Fluorescence detection showed large 
increasing values with the reaction time for both kinds of mixtures at 30ºC and 50ºC; in 
the case of 15ºC, little significant increases were obtained with time. 
 The browning development also showed lower values when CA was applied 
(Table 3); significant differences were concluded at the end of the reaction time in the 
three temperatures tested. Increasing browning values were obtained as long as reaction 
time increased. This increase was especially sharp at 50ºC. 
Correlations between the reaction time and both lipid damage indices at the 
different temperatures tested were studied (Table 4). Satisfactory linear correlations 
were obtained in all cases. According to the strong relationship between interaction 
compounds formation and temperature (34-36), correlations were better in the two 
highest temperatures (30ºC and 50ºC) considered. 
 
 
Heated fish muscle systems 
 Different CA contents were added to fish muscle to assess the antioxidant effect 
exerted on the muscle lipids during heat treatment. Comparison of the different mixtures 
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at each reaction time showed a progressive decrease in the δF value as long as the CA 
proportion increased (Figure 3). At the end of the reaction time, comparison with the 
fish muscle blank (FMS0) showed a significant antioxidant effect in the 0.40-1.00% 
concentration rang. 
The fluorescence analysis showed a progressive increase with reaction time of 
lipid oxidation for the fish muscle blank (FMS0). This increase could be explained as a 
result of interaction between the nucleophilic molecules from the fish muscle (proteins, 
peptides, free amino acids and phospholipids) and the lipid oxidation compounds 
formed during the thermal conditions (20, 23). Mixtures containing CA also showed an 
increase in lipid oxidation with the reaction time, according to the same interaction 
compounds formation (20, 23). 
The browning analysis also showed an antioxidant effect of CA that was evident 
at the end of the reaction time in the 0.40-1.00% concentration rang (Table 5), as in the 
case of the δF value. As in the fluorescence analysis, increasing browning values were 
obtained with the reaction time for all kinds of mixtures, including the fish muscle blank 
(FMSo), that can be explained again by a progressive formation of addition compounds 
during the thermal treatment (23, 34, 36). 
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CONCLUSIONS 
 
The δF value has been employed successfully as a way of assessing the 
preservative effect of an antioxidant compound on thermally treated marine lipids. A 
gradual decrease of the oxidation development was detected as a result of lowering the 
reaction time and temperature and by increasing the antioxidant content. Relationship 
between reaction time and interaction compounds formation was also evident by the δF 
value analysis. It is concluded that δF value detection can afford a rapid, sensitive and 
valuable tool for assessing the antioxidant effect during food processes where lipid 
oxidation can have a strong effect on quality degradation. This would especially be the 
case of species supporting a high PUFA content (marine ones) when thermally treated. 
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TABLE  1 
 
 
Fluorescence ratio (δF) values* obtained by heating cod liver oil (CLO) at 50ºC in the 
presence of propylamine (Pam) and citric acid (CA)** 
 
 
 
 
      TIME (days) 
       ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
Reaction 
Mixture 
 
 
1 3 6 10 15 
CLO 
 
 
2.71 a 
(0.221) 
2.52 a 
(0.255) 
3.01 a 
(0.531) 
3.50 a 
(0.110) 
4.09 a 
(1.198) 
OS0
 
 
10.53 e 
(0.295) 
13.37 f 
(0.549) 
14.80 f 
(0.376) 
19.46 f 
(1.150) 
24.46 e 
(1.470) 
OS1 
 
8.38 d 
(0.822) 
11.86 e 
(0.894) 
15.47 f 
(0.305) 
19.18 ef 
(0.458) 
22.60 e 
(1.357) 
 
OS2 
 
8.01 cd 
(0.853) 
11.40 de 
(1.268) 
14.77 f 
(0.690) 
17.99 de 
(0.294) 
20.13 d 
(0.866) 
 
OS3 
 
7.39 bc 
(0.064) 
10.40 cd 
(0.028) 
13.41 e 
(0.764) 
17.52 d 
(1.768) 
19.72 cd 
(1.867) 
 
OS4 
 
6.82 b 
(0.173) 
9.27 bc 
(0.152) 
11.77 d 
(0.111) 
15.93 c 
(0.285) 
18.43 cd 
(0.752) 
 
OS5 
 
6.67 b 
(0.075) 
8.56 b 
(0.046) 
10.82 c 
(0.082) 
15.33 c 
(0.837) 
17.84 c 
(1.180) 
 
OS6 6.55 b 
(0.448) 
8.24 b 
(0.199) 
10.01 b 
(0.189) 
13.65 b 
(0.453) 
15.66 b 
(0.674) 
 
 
 
 
 
 
* Mean values of three independent determinations. Values in the same column 
followed by different letters are significantly different (p<0.05). Standard 
deviations are indicated in parentheses. Initial δF value of CLO was 2.68±0.062. 
** Different CA/CLO ratios (w/w) in the presence of Pam were checked: OS0 (0.00%), 
OS1 (0.01%), OS2 (0.02%), OS3 (0.05%), OS4 (0.10%), OS5 (0.20%) and OS6 
(0.50%). 
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TABLE  2 
 
 
 
Browning values* obtained by heating cod liver oil (CLO) at 50ºC in the presence of 
propylamine and citric acid (CA)** 
 
 
 
      TIME (days) 
       ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
Reaction 
Mixture 
 
 
1 3 6 10 15 
CLO 
 
 
1.24 a 
(0.362) 
2.00  a 
(0.296) 
2.76 a 
(0.208) 
2.86 a 
(0.035) 
3.34 a 
(0.544) 
OS0
 
 
3.26 d 
(0.400) 
5.02 c 
(0.183) 
6.62 cd 
(0.828) 
7.83 cd 
(0.552) 
9.90 e 
(0.433) 
OS1 
 
2.72 cd 
(0.227) 
5.26 c 
(0.367) 
7.41  d 
(0.127) 
8.54 de 
(0.069) 
9.82 de 
(0.193) 
 
OS2 
 
2.46 bc 
(0.000) 
4.88 c 
(0.503) 
7.24 d 
(0.589) 
8.76 e 
(0.068) 
9.48 de 
(0.785) 
 
OS3 
 
2.76 cd 
(0.908) 
3.99 b 
(0.127) 
7.23 d 
(0.042) 
8.34 de 
(0.424) 
9.09 cde 
(0.382) 
 
OS4 2.18 bc 
(0.386) 
3.70 b 
(0.139) 
6.10 bc 
(0.604) 
7.48 c 
(0.341) 
8.98 cd 
(0.426) 
 
OS5 2.00  b 
(0.092) 
3.50 b 
(0.092) 
5.44 b 
(0.330) 
7.32 c 
(0.375) 
8.52 c 
(0.469) 
 
OS6 2.40 bc 
(0.104) 
3.48 b 
(0.216) 
5.42 b 
(0.227) 
6.56 b 
(0.330) 
7.58 b 
(0.661) 
 
 
 
 
* Mean values of three independent determinations. Values in the same column 
followed by different letters are significantly different (p<0.05). Standard 
deviations are indicated in parentheses. Initial browning value of CLO was 
1.28±0.433. 
** The same CA/CLO ratios (w/w) mentioned in Table 1 were employed. 
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TABLE  3 
 
Browning values* obtained by heating cod liver oil (CLO) at different temperatures in 
the presence of propylamine and citric acid at different temperatures** 
 
 
 
           TEMPERATURE 
          ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
 
Reaction 
Mixture 
 
Time (days) 
 
15ºC 30ºC 50ºC 
OS0
 
1 1.68 a 
(0.240) 
2.36 a 
(0.557) 
3.26 b 
(0.400) 
 
“ 3 
 
2.14 a 
(0.193) 
3.14 b 
(0.035) 
5.02 c 
(0.183) 
 
“ 6 
 
3.20 a 
(0.151) 
4.58 b 
(0.284) 
6.62 c 
(0.828) 
 
“ 10 
 
3.72  a 
(0.749) 
5.10 b 
(0.216) 
7.83 c 
(0.552) 
 
“ 15 
 
 
4.10 a 
(0.500) 
5.78 b 
(0.173) 
9.90  c 
(0.433) 
OS4 1 
 
1.20 a 
(0.159) 
2.26 b 
(0.092) 
2.18  b 
(0.386) 
 
“ 3 
 
1.62 a 
(0.360) 
2.66 b 
(0.035) 
3.70  c 
(0.139) 
 
“ 6 
 
2.60 a 
(0.613) 
3.36  a 
(0.375) 
6.10 b 
(0.604) 
 
“ 10 
 
2.86 a 
(0.538) 
3.84 b 
(0.480) 
7.48 c 
(0.341) 
 
“ 15 3.26 a 
(0.828) 
4.26 a 
(0.317) 
8.98  b 
(0.426) 
 
 
 
 
* Mean values of three independent determinations. Values in the same raw followed by 
different letters are significantly different (p<0.05). Standard deviations are 
indicated in parentheses. Initial browning value of CLO was 1.28±0.433. 
** Abbreviations (OS0 and OS4) as specified in Table 1. 
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TABLE  4 
 
 
 
Linear correlation coefficients* between the reaction time and both lipid oxidation 
values (fluorescence ratio, δF; browning, B) at different temperatures** 
 
 
 
 
 
       TEMPERATURE 
 
 ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
 
           15ºC         30ºC        50ºC 
    ⎯⎯⎯⎯⎯  ⎯⎯⎯⎯⎯  ⎯⎯⎯⎯⎯ 
 
Reaction Mixture 
⎯⎯⎯⎯⎯⎯⎯ 
      δF    B    δF   B    δF   B 
 
 
OS0   0.83 0.89  0.93 0.94  0.98 0.95 
 
OS4   0.76 0.82  0.93 0.92  0.99 0.97 
 
 
 
 
 
 
 
 
 
 
* Significant values (p<0.05) were obtained in all cases. 
 
** Abbreviations (OS0 and OS4) as specified in Table 1. 
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TABLE  5 
 
 
 
Browning values* obtained by heating horse mackerel white muscle at 50ºC in the 
presence of citric acid (CA)** 
 
 
 
         TIME (days) 
    ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
Reaction 
Mixture 
⎯⎯⎯⎯⎯ 
1 6 15 
 
 
 
FMS0 0.20 a 
(0.026) 
0.34 c 
(0.006) 
0.41 c 
(0.015) 
 
FMS1 0.20 a 
(0.035) 
0.31 c 
(0.025) 
0.37 bc 
(0.040) 
 
FMS2 0.18 a 
(0.025) 
0.30 bc 
(0.021) 
0.37  bc 
(0.015) 
 
FMS3 0.19 a 
(0.021) 
0.28 bc 
(0.065) 
0.36  ab 
(0.042) 
 
FMS4 0.20 a 
(0.035) 
0.24 ab 
(0.030) 
0.33  ab 
(0.035) 
 
FMS5 0.18 a 
(0.007) 
0.21 a 
(0.021) 
0.31  a 
(0.020) 
 
 
 
 
 
 
 
 
 
* Mean values of three independent determinations. Values in the same column 
followed by different letters are significantly different (p<0.05). Standard 
deviations are indicated in parentheses. Initial browning value of the fish 
muscle: 0.19±0.016. 
** Different CA/fish muscle ratios (w/w) were checked: FMS0 (0.00%), FMS1 (0.10%), 
FMS2 (0.20%), FMS3 (0.40%), FMS4 (0.70%) and FMS5 (1.00%). 
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FIGURE  LEGENDS 
 
 
FIGURE 1: Fluorescence ratio (δF) values* obtained by heating cod liver oil at 15ºC, 
30ºC and 50ºC in the presence of propylamine. 
 
* Initial δF value of the oil: 2.68±0.062. 
 
 
 
FIGURE 2: Fluorescence ratio (δF) values* obtained by heating cod liver oil (CLO) at 
15ºC, 30ºC and 50ºC in the presence of propylamine and citric acid (CA)**. 
 
* Initial δF value of the oil: 2.68±0.062. 
** A 0.10% CA/CLO ratio (w/w) was employed. 
 
 
 
FIGURE 3: Fluorescence ratio (δF) values* obtained by heating horse mackerel white 
muscle at 50ºC in the presence citric acid (CA)**. 
 
* Initial δF value of the fish muscle: 0.82±0.090. 
** Different CA/fish muscle (w/w) proportions were studied: FMS0 (0.00%), FMS1 
(0.10%), FMS2 (0.20%), FMS3 (0.40%), FMS4 (0.70%) and FMS5 (1.00%). 
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